Previous research on megrim has demonstrated that the quality of the fish diminishes during storage and the effects of different on-board storage conditions have been tested (Jehano et al., 1996; Aubourg et al., 2006) . In addition, the development of different damage pathways has been analysed, including volatile amine formation during refrigeration (1-3ºC) (Civera et al., 1995) and increased microbial development (Sanjuás-Rey et al., 2012) and lipid oxidation (García-Soto et al., 2011) during chilled storage. The present research focuses on the quality retention of megrim during chilled storage. To enhance megrim quality, aqueous solutions of CA and LA were employed as an icing medium and the effects on microbial activity inhibition, lipid oxidation stability and sensory acceptance were monitored in megrim muscle for up to 13 d of chilled storage.
Upon arrival in the laboratory, 9 individual fishes were separated and analysed as starting raw fish (day 0). These fish were divided into three different groups (three individuals per group) and were analysed independently to achieve the statistical analysis (n=3). The remaining fish were divided into three batches (36 individuals in each batch), placed in boxes and directly surrounded by one of the three types of ices previously mentioned (conditions C-0, C-125 and C-175). A 1:1 fish-to-ice ratio was employed and all of the batches were placed in a refrigerated room (4ºC). Boxes that allowed draining were used and the ice was renewed when required. Fish samples from all of the batches were analysed on days 2, 6, 9 and 13. At each sampling time, nine total individuals were analysed and divided into three groups from each batch (three individuals in each group) that were studied independently (n=3). Sensory analysis was carried out on the whole fish, whereas microbiological and chemical analyses were carried out on the white muscle. 135   136   137   138   139   140   141   142 Sensory analysis was conducted by a sensory panel that consisted of five experienced judges who adhered to traditional guidelines concerning fresh and refrigerated fish, which was adapted to megrim (Council Regulation, 1990) . The panellists had participated in the sensory analysis of various fish and seafood products for the previous ten years. Before carrying out the present experiment, the judges received special training on chilled megrim. This training focused on the evaluation of refrigerated specimens that exhibited different qualities. Special attention was paid to Four categories were ranked: highest quality (E), good quality (A), fair quality (B) and unacceptable quality (C). Sensory assessment of the fish included the following descriptors: skin and mucus development, eyes, external odour, gill appearance and odour, consistency, flesh odour (raw and cooked) and flesh taste (cooked). Fish samples were individually scored by the panellists. 151   152   153   154   155   156   157   158   159   160   161   162   163   164   165   166   167 Samples of 10 g of fish muscle were dissected aseptically from chilled fish specimens, mixed with 90 ml of 0.1% peptone water (Merck, Darmstadt, Germany) and homogenised in sterilised stomacher bags (AES, Combourg, France) as previously described (Ben-Gigirey et al., 1998; Ben-Gigirey et al., 1999) . In all of the cases, serial dilutions from the microbial extracts were prepared in 0.1% peptone water.
Sensory analysis

Microbiological analyses
Total aerobes were investigated via surface inoculation on plate count agar (PCA, Oxoid Ltd., London, UK) after incubation at 30ºC for 48 h. The anaerobe counts were also determined in PCA at 30ºC; however, an anaerobic atmosphere kit (Oxoid) was placed along with the plates inside the anaerobiosis jar. Psychrotrophs were also investigated in PCA, but the incubation was carried out at 7-8ºC for 7 d.
Enterobacteriaceae were investigated via pour plating using Violet Red Bile Agar (VRBA) (Merck, Darmstadt, Germany) after incubation at 37ºC for 24 h.
Microorganisms that exhibited a proteolytic phenotype were investigated in casein agar medium after incubation at 30ºC for 48 h, as previously described by Ben-Gigirey et al. (2000) . In all of the cases, bacterial counts were transformed into log CFU g -1 muscle before undergoing statistical analysis. All of the analyses were conducted in triplicate. 168   169   170   171   172   173   174   175   176   177   178   179   180   181   182   183   184   185   186   187   188   189   190   191 The evolution of pH values in megrim muscle over the storage time was determined using a 6-mm diameter insertion electrode (Crison, Barcelona, Spain).
Chemical analyses
Trimethylamine-nitrogen (TMA-N) values were determined using the picrate method, as previously described by Tozawa et al. (1971) . This method involves the preparation of a 5% trichloroacetic acid extract of fish muscle (10 g/25 ml). The results were expressed as mg TMA-N kg -1 muscle.
Lipids were extracted from the fish white muscle by the Bligh and Dyer (1959) method, which employs a single-phase solubilisation of the lipids using a chloroformmethanol (Bligh & Dyer, 1959) . The data that were obtained from the different microbial and chemical analyses were subjected to the ANOVA method to explore differences resulting from the effects of both the icing conditions and the chilling time. This analysis was carried out using the PASW Statistics 18 software for Windows (SPSS Inc., Chicago, IL, USA). The comparison of means was performed using the least-squares difference (LSD) method.
Statistical analysis
Differences between batches and among icing times were considered significant for a confidence interval at the 95% level (p<0.05) in all cases. The evolution of aerobic mesophiles in megrim muscle is shown in Table 1 .
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Microbiological analyses
Statistically significant (p<0.05) differences between the control batch (C-0) and the C-125 and C-175 batches were determined at days 9 and 13, respectively. Remarkably, the two batches with CA and LA in the icing systems did not reach aerobic counts of 7 log CFU g -1 after 9 d of chilled storage, whereas the control batch widely surpassed this limit. The greatest difference between the batches was determined for the C-0 and C-125 batches on day 9 (i.e., rising to 1.82 log CFU g The investigation of psychrotrophs did not reveal any significant (p>0.05) differences among the batches during the first 6 d of chilled storage (Table 1 ). In contrast, significant (p<0.05) differences among the batches were detected after longer storage times. Indeed, a remarkable inhibition of psychrotrophs was observed on days 9
and 13. The C-175 batch did not reach 6 log CFU g -1 counts even after 13 d of storage, whereas the number of psychrotrophs in the control group rose above 7 log CFU g -1 on day 9. The greatest differences between the C-125 and C-175 batches and the control batch were 1.45 and 2.32 log units, respectively, which indicated that the organic acids provided marked protection against microbes in the megrim muscle.
With respect to the anaerobes, these did not exhibit significant (p>0.05) differences among batches at any storage time ( Fig. 1 ). At advanced storage times, however, lower mean values of the anaerobes growth were observed in the C-125 and C-175 batches, although the differences were not significant. None of the batches exhibited anaerobe counts above 6 log CFU g -1 , even after 13 d of chilled storage. The evolution of Enterobacteriaceae revealed low counts for this microbial group at all storage times (Fig. 2) . Only the C-125 batch on day 9 provided numbers higher than 3 log CFU g -1 . Indeed, the other batches and storage times were always below that limit, even after 13 d of chilled storage. The present study also investigated the development of proteolytic bacteria. The role of proteolytic bacteria in the breakdown of fish muscle has been previously highlighted (Rodríguez et al., 2003; Campos et al., 2005) . The obtained results are presented in Fig. 3 and are quite similar to those obtained for anaerobes. Indeed, no significant (p>0.05) difference among batches was observed at any storage time. Similar to the observations for the anaerobes, however, lower mean values of proteolytic bacteria formation were observed in the C-125 and C-175 batches at advanced storage times, although such differences were not significant.
In global terms, it can be concluded that incorporating CA and LA into flake ice for the chilled storage of megrim allowed for a better control of microbial growth in megrim muscle compared with conventional flake ice. Indeed, this effect was significant (p<0.05) in the case of aerobic mesophiles and psychrotrophs (Table 2) , where the organic acids provided a better maintenance of the microbial quality of megrim throughout storage. The present study complements previous studies concerning related technologies that have focused on the preservation of megrim and 252 other marine species under advanced refrigeration systems, such as slurry ice. Slurry Ice 253 technology has been shown to result in slower microbial growth in fish muscle due to the washing effect of the salt solution on the fish surface during ice melting (Losada et al., 2004; Campos et al., 2005) . In the present work, the melting of the flake ice crystals containing the natural CA and LA solutions might exert a similar washing effect that may reduce the surface microbial load and its diffusion towards the muscle. (Table 2) . Indeed, the pH values were similar for all cases and all values remained under 7.0, which is considered acceptable for certain species, such as hake (Aubourg et al., 2006) . The mean pH values were higher in the control fish than in the treated batches (C-125 and C-175) and the differences were significant (p<0.05) at days 2 and 13. No differences (p>0.05) were found between the two acid concentrations used for the icing condition tests. In agreement with the present pH results, the employment of a commercial formula including CA, LA and AA in the icing system did not cause any changes in the pH value throughout the chilled storage of hake muscle (Sanjuás-Rey et al., 2012) .
However, other studies have reported a pH decrease as a result of using natural preservative compounds in ice during the chilled storage of other marine species. These studies include the use of oregano and rosemary extracts during the chilled storage of Chilean jack mackerel (Trachurus murphyi) (Quitral et al., 2009 ), a rosemary extract applied to sardines (Özyurt et al., 2012) and a wild-thyme hydrosol extract employed in the chilled storage of Transcaucasian barb (Oral et al., 2008) . (Table 2 ). This increase was markedly significant on day 13 and supports previous research, which has shown a high TMA formation in megrim muscle during chilled storage (Civera et al., 1995; Aubourg et al., 2006; Sanjuás-Rey et al., 2012) . A lower TMA formation (p<0.05) was observed after applying the highest acid concentration in the icing system, which suggests that the icing condition had an inhibitory effect. Previous research has also shown the inhibitory effect of including preservative components in the icing system on TMA content. For example, the presence of CA, LA and AA in a commercial formula that was used in an icing system resulted in an inhibitory effect on the TMA content in hake and angler muscle during their chilled storage (Sanjuás-Rey et al., 2012) . In addition, the application of slurry ice (Aubourg et al., 2006) and ozonated ice (Pastoriza et al., 2008) led to a lower TMA content in megrim muscle during its on-board chilled storage.
A progressive formation (p<0.05) of FFA was observed with chilling time in samples from each batch (Table 2) and the values that were attained agree with previous research that showed a high FFA formation in megrim muscle during chilled storage (Aubourg et al., 2006; García-Soto et al., 2011) . Some significant differences (p<0.05) were observed as a result of the icing system employed; however, a definite trend concerning the icing effect could not be concluded because a higher formation was observed in the C-125 batch during the 6-9-day period, whereas batch-175 fish revealed the highest FFA content at day 13.
FFA formation in fish during chilled storage has been reported to be a result of endogenous enzyme activity and microbial activity (Whittle et al., 1990; Ashie et al., 1996) . Before the end of the microbial lag phase (up to 6-9 days, depending on several factors), FFA formation should mostly result from endogenous enzyme (namely lipases Peroxide formation (primary oxidation) increased (p<0.05) in samples from all of the batches throughout the chilled storage (Table 3) . The values cannot be considered especially high because they remained below a score of 8.50 in all of the cases.
Significant differences resulting from the icing systems could not be concluded (p>0.05); however, higher mean values were observed in the C-175 batch between days 6 and 13.
TBARS formation (secondary oxidation) was also relatively low because values were under a score of 0.80 in all cases (Table 3) . Samples from all of the batches showed a progressive TBA-i increase (p<0.05) with chilling time. No significant differences (p>0.05) were obtained as a result of the icing system applied; however, higher mean values were observed in fish corresponding to the C-125 batch in the 6-13-day period.
The assessment of fluorescent compound formation showed a general increase with time (p<0.05) for all of the fish batches studied (Table 3 ). The acid presence displayed an inhibitory effect on day 13 for both of the acid concentrations that were tested. Additionally, fish corresponding to the control batch had higher mean values than acid-iced fish throughout the whole experiment. the present study confirmed that there was low primary and secondary lipid oxidation, as previously reported (Whittle et al., 1990; Sanjuás et al., 2011) . The electrophilic character of such lipid oxidation compounds has led them to interact with food constituents that possess nucleophilic functions (Howell, 1995; Aubourg, 1999) to form fluorescent compounds (tertiary lipid oxidation compounds). Interestingly, the control fish had the highest FR value, which suggests a significant effect of the acid in the ice.
Previous research has shown that including natural preservative compounds in the icing system creates an inhibitory effect on fish lipid oxidation. For example, lipid oxidation was inhibited in Chilean jack mackerel as a result of including an oregano and rosemary extract in the icing system (Quitral et al., 2009) and sardines by including a rosemary extract (Özyurt et al., 2012) . Directly related to the present research, the employment of a commercial formula including CA, LA and AA led to a lower oxidation development during the chilled storage of different fish species, including hake, megrim, and angler (García-Soto et al., 2011) and blue whiting (Sanjuás-Rey et al., 2011) .
Evaluation of the different sensory descriptors was carried out in all types of samples and the results are expressed in Table 4 . A progressive score decrease with chilling time was found in all of the batches of fish. An inhibitory effect of the acid 366 367 368 presence in the ice on sensory quality loss could be concluded because the control fish were found to be unacceptable at day 13, whereas the acid-treated fish (C-125 and C-175 batches) were still acceptable at that time. Limiting descriptors were external odour, flesh odour (raw and cooked) and flesh taste. There were no differences in the gills or consistency between the different icing systems. Very similar scores were given to fish corresponding to both of the acid-icing conditions; however, the C-125 fish had better scores than the C-175 fish (i.e., skin (day 9) and eyes (day 6) appearance). This difference may be explained as a slight effect of the higher acid concentration on the external appearance of the fish; however, fish samples corresponding to the C-175 condition were evaluated as acceptable by the panel in both cases.
An increased shelf life has also previously been observed as a result of including natural preservative compounds in the icing system. Indeed, the shelf life of chilled megrim, hake and angler (Sanjuás et al., 2012) however, a definite trend on lipid hydrolysis could not be concluded. Taken together, the results of the present study suggest that the employment of a CA-LA icing system can provide a profitable and practical strategy and be a relevant choice to obtain higher quality, safer chilled fish. Table 1 . 
